The iminium surfactant p-benzylidene benzyldodecyl iminium chloride was synthesized, characterized and to correlate the inhibition efficiency of the inhibitor and its molecular structure.
Introduction
Plain carbon steel has been designated as one of the most important and widely used constructional materials in a number of industries, which include petroleum, automotive, power and water generation, chemical processing and a variety of other industries. The importance and wide use of plain carbon steel is attributed to its low cost and excellent mechanical properties.
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However, plain carbon steel is susceptible to corrosion in different aggressive media particularly mineral acids such as HCl and H 2 SO 4 . Among the mineral acids, HCl is widely used in a number of industrial applications such as industrial cleaning, acid pickling, rust and scale removal, oil well acidication in oil recovery and petrochemical processes at temperatures up to 60 C. [4] [5] [6] The plain carbon steel used in contact with the HCl solution is likely to suffer extensive corrosion damage if used unprotected. One of the effective and practical means to suppress the corrosion of plain carbon steel in acidic solution is the use of inhibitors, which reduces the aggressiveness of media towards metallic materials. 7 The chemical substances with both organic and inorganic origin have been used as inhibitors to protect metals from corrosive environments. Among the corrosion inhibitors, organic compounds containing hetero atoms like N, O and S, and multiple bonds are found to be very efficient in suppressing the corrosion of metals in many environments.
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Among the organic corrosion inhibitors, Schiff bases are very popular option due to their low toxicity, eco-friendly nature and ease of synthesis from relatively inexpensive starting-materials.
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The excellent corrosion inhibition performance of Schiff bases is attributed to the presence of different heteroatoms and p electrons along with the imine functional group in their structure. [12] [13] [14] [15] Surfactants are among the organic compounds, which can be readily synthesized with low cost and have high effectiveness and efficiency for inhibiting corrosion have effectively been used as corrosion inhibitors in acid solutions. The ability of a surfactant to adsorb physically or chemically onto the metal surface is responsible for their corrosion inhibition action.
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The inhibition action of the surfactants occur via adsorption of their molecules on the metal surface through polar or ionic group (hydrophilic head) attached to the metal surface and tail or hydrophobic moiety extending away from the interface toward the solution. The protection is provided by formation of an array of hydrophobic tails, leading to change in the electrochemical behavior of the metal. 18 weight loss, potentiodynamic polarization, EIS, spectrophotometric analysis of iron ions, surface morphological studies, quantum chemical analysis and thermodynamic and activation parameters.
Experimental details
Plain carbon steel strips of size 2 cm Â 2 cm Â 0.04 cm and having composition C: 0.034%, Mn: 0.176%, P: 0.0103%, Pb: 0.059%, Al: 0.014%, V: 0.034% and Fe balance or C: 0.194%, Mn: 0.176%, P: 0.0103%, Pb: 0.059%, Al: 0.014%, V: 0.034 and Fe balance were used for weight loss measurements. The instrument used for analysis of plain carbon steel composition was Optical Emission Spectrometer. For potentiodynamic and EIS measurements metal strips with exposed surface area of 1 cm 2 were used. Metal strips were polished with different grades (320-1200) of emery papers and degreased with acetone; this was followed by rinsing with double distilled and water and nally drying in warm air. 37% HCl (Merck) was used for preparing corrosive solution.
Determination of critical micelle concentration by conductivity measurement
The critical micelle concentration (CMC) of iminium surfactant at 30 AE 1 C was determined employing electrical conductivity method. Double distilled water was used to prepare the solutions of all the surfactants. The conductivity measurements were carried out using ELICO CM 183EC-TDS Analyzer having a cell constant of 1.03 cm À1 . The conductivity of blank medium was measured rst and then, known volumes of the inhibitor solution were added to the blank medium with a pipette and thoroughly mixed, followed by measurement of conductance. Similar process was repeated aer every addition. The CMC values for the surfactant were determined as the cross point of the two straight lines by plotting the values of specic electrical conductivity (k) against the iminium surfactant concentration, C.
Gravimetric analysis
In the gravimetric analysis, the polished and accurately weighed plain carbon steel coupons were immersed in 250 ml beakers containing 200 ml of test solutions maintained at 30-60 C using a thermo stated water bath. Aer 6 h of immersion the coupons were taken out from the test solution, the corrosion products were mechanically removed from the surface using a bristle brush, dried and loss in weight was recorded by accurate reweighing. The experiments were performed on triplicate coupons and the average corrosion rate was recorded. The corrosion rate (CR) was determined using the equation:
Corrosion rate ðCRÞðmpyÞ ¼ 534W rAt
where, W is weight loss in mg; r is the density of specimen in g cm À3 ; A is the area of specimen in square inch and t is exposure time in h. The inhibition efficiency (% IE) of the inhibitor was evaluated using the following equation:
where, CRo and CRi are the corrosion rates of plain carbon steel in absence and presence of iminium surfactant, respectively.
Spectrophotometric analysis of iron ions
The results of gravimetric analysis of was also conrmed by estimating total iron ions (Fe 2+ /Fe 3+ ) entered into the test solution during the course of immersion. 20 The analysis was performed spectrophotometrically using Elico-SL-169 UVvisible spectrophotometer. The corrosion rate was calculated using the following relationship:
where, m is the mass of corroded plain carbon steel (calculated from the total iron content determined in the test solution); s is the area of the test specimen in m 2 ; and t is the exposure time in h. The % IE of the inhibitor was calculated using eqn (2).
Electrochemical measurements
The electrochemical measurements (potentiodynamic polarization and EIS) were carried out on Autolab Potentiostat/ Galvanostat, model 128N with inbuilt impedance analyzer FRA2. The experiments were carried out using a three electrode 1L corrosion cell from Autolab with Ag/AgCl electrode (saturated KCl) as reference electrode, Pt wire as counter electrode and plain carbon steel specimens with exposed surface area of 1 cm 2 as working electrode. Prior to the commencement of electrochemical experiments the plain carbon steel specimens (working electrodes) were immersed in the test solution and the rest potential was continuously monitored until no noticeable change in rest potential was obtained, this conrmed the establishment of steady state potential. Stabilization period of 1 h was enough to establish steady state open circuit potential (OCP). The potentiodynamic polarization measurements were performed at a scan rate of 0.0005 V s À1 in the potential range of 0.250 V below the corrosion potential to 0.250 V above the corrosion potential. The linear Tafel segments of the anodic and cathodic curves were extrapolated to obtain corrosion potential (E corr ) and corrosion current densities (I corr ). The obtained I corr values were used to calculate IE as per the following relationship:
where, I o corr and I corr are corrosion current densities in the absence and presence of p-benzylidene benzyldodecyl iminium chloride.
EIS measurements were implemented at open circuit potential within frequency range of 10 À2 Hz to 10 4 Hz with 10 mV perturbation. All the potential were recorded with respect to AgCl. The specimen was allowed to stabilize in the electrolyte for 30 min prior to the experiment. All the electrochemical experiments were done at room temperature (30 AE 1 C) in aerated and unstirred conditions.
Quantum chemical calculations
All the quantum chemical calculations were carried out on the p-benzylidenebenzyldodecyl iminium chloride molecule invacuo using Grimme's dispersion corrected DFT/B3LYP-D3 functional (Becke three-parameter hybrid functional combined with Lee-Yang-Parr correlation functional) 21 as implemented in Gaussian 09 soware. 22 The triple zeta Pople's type basis set with diffuse and polarization functions, 6-311++G(d,p), was incorporated in DFT/B3LYP-D3 calculations. The functionals B3LYP have been chosen for the present calculations due to low computational cost and high accuracy. The dispersion correction (D3) was used because the present molecule involves N + and Cl À ions. The present molecule exists in zwitterion form with a positive and a negative electrical charge on nitrogen and chlorine atom respectively but with a net charge of zero at different locations within a molecule. The molecular geometry of the p-benzylidenebenzyldodecyl iminium chloride was fully optimized in the ground electronic state under tight convergence criterion and subsequently IR frequencies were computed at optimized geometry. The real values of frequency conrm that the computed geometry corresponds to minima on the potential energy surface. The minimum self-consistent eld energy, energy Eigen values of frontier molecular orbitals (highest occupied molecular orbital; HOMO and lowest unoccupied molecular orbital; LUMO) HOMO-LUMO energy gap, atomic charges (using natural population analysis) and eld independent dipole moment were determined by optimization at B3LYP-D3/6-311++G(d,p) level of theory. The HOMO, LUMO and molecular electrostatic potential (MEP) surfaces were been generated using GaussView 5 program. 23 Global chemical reactivity descriptors based on HOMO-LUMO energy Eigen values and donor-acceptor interactions by natural bond orbital (NBO) calculations were also presented at same level of theory. The donor-acceptor interactions were dened by the stabilization energy (E (2) ) which measures the strength of the interaction between donor and acceptor molecular orbitals. The E (2) , second order stabilization energy is associated with delocalization of the electrons from donor to acceptor NBO. The high value of dipole moment, HOMO energy, electrophilicity descriptor and low value of HOMO-LUMO energy gap show the high corrosion inhibition efficiency of the p-benzylidenebenzyldodecyl iminium chloride. Moreover, the local reactivity indices i.e. condensed Fukui functions (f À : electrophilic attack, f + : nucleophilic attack) for the present surfactant that could be important to understand the interaction with the surface and the corrosion properties have been also computed using the natural population analysis on the system with N, N + 1 and N À 1 electrons.
Surface morphological studies
Scanning electron microscopy (SEM) and energy dispersive X-ray (EDAX) analysis. The surface morphological study of plain carbon steel coupons immersed in uninhibited and iminium inhibited hydrochloric acid solution was evaluated using, scanning electron microscopy (SEM) (Model: JEOL JSM-6510LV) with an Energy dispersive X-ray (EDAX) (INCA, Oxford) attachment. To capture the pictographs of the corroded plain carbon steel surface, freshly polished coupons were immersed in uninhibited and inhibited acid solutions for 6 h. Aer completion of immersion the coupons were taken out, thoroughly washed with double distilled water, dried and then subjected to SEM and EDAX analysis.
Results and discussion
3.1. Characterization of synthesized inhibitor 1 H-NMR spectrum. The 1 H-NMR spectrum of the synthesized iminium surfactant is shown in the Fig. 1 . The pertinent details are as follows:
The spectrum of the surfactant is consistent with the reported spectrum of the compound. The electrical conductivity method was employed to determine the critical micelle concentration (CMC) of the iminium surfactant. Measured values of specic electrical conductivity, k were plotted as a function of surfactant concentration, C (Fig. 2) . The cross point of the two straight lines was taken as CMC value. The CMC of the iminium surfactant was determined to be 4.8 Â 10 À3 M.
Gravimetric analysis
The corrosion of plain carbon steel in 1 M HCl in the absence and presence of different concentrations of iminium surfactant Table 1 . From the table it is clearly seen that the corrosion rates are reduced in presence of iminium surfactant as compared to the free acid solution and depends upon both surfactant concentration and temperature. The IE increases with increasing surfactant concentration and temperature showing a maximum increase in IE of 98.48% at surfactant concentration of 5 Â 10 À4 M (well below the CMC of the compound) at 60 C. The inhibition of plain carbon steel corrosion in the presence of iminium surfactant could be attributed to the adsorption of the compound onto plain carbon steel surface, which blocks the metal and thus do not permit the corrosion process to take place. The increased IE with increasing surfactant concentration indicates that more surfactant molecules are adsorbed on the steel surface leading to the formation of a protective lm over the surface of metal.
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It is an established fact that in polar organic compounds the polar units present in the compound act as reaction center and facilitate the adsorption process forming a charge transfer complex bond between their polar atoms and the metal. The extent of adsorption and hence the effectiveness of the compound is largely determined on the basis of the size, orientation, shape and electronic charge on the molecule.
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The inhibition efficiency of an organic corrosion inhibitors mostly depends on their chemical structure, size and carbon chain length of the organic molecule; aromaticity in compound and/or conjugated bonding; nature, type and number of bonding atoms or groups in the molecule (either p or s); charges generated on the metal surface; ability for a layer to be single or multiple to form compact or cross-linked, capability to form a complex with the atom of metal within the metal lattice; type of the electrolyte solution like adequate solubility in the environment. 28 Considering the present case, based on the presence of p-electrons of phenyl group, double bond and electronegative nitrogen atom in its structure (Fig. 3) , the cationic Schiff base based surfactant may reasonably justify its high inhibition efficiency and use as an effective corrosion inhibitor. The p-electrons in the molecule not only can locate the unoccupied orbital of the transition metal, but also can accept the electrons of the d orbital of the transition metal to form feedback metal-inhibitor bond. Considering the effect of temperature on inhibition behavior of the surfactant, the IE also increases with increase in temperature. This effect shows the capability of surfactant to inhibit corrosion of steel at low and relatively high temperatures. The surfactant is chemically adsorbed onto the plain carbon steel surface, which is more favored at higher temperature due to lesser kinetic energy barrier.
Solution analysis of iron ion
The corrosion rate of plain carbon steel in 1 M HCl in absence and presence of iminium surfactant at 30-60 C was also measured by determining the total iron ions entered into the test solution during the course of immersion. The values of corrosion rate and % IE are shown in Table 2 . The % IE as obtained by solvent analysis is consistent with % IE determined by weight loss measurements.
Adsorption isotherm
The inhibitive action of an organic inhibitor compound in an aggressive acid media is considered due to its adsorption at the 
where x is the size ratio representing the number of water molecules replaced by an organic adsorbate molecule. For organic compounds that have ability to absorb strongly on metal surface, the surface coverage (q) can be evaluated from IE. The relationship between IE and the bulk concentration of the inhibitor at constant temperature, which is known as isotherm, gives an insight into the adsorption process. The values of degree of surface coverage (q) for various inhibitor concentrations in 1 M HCl was calculated from gravimetric analysis. Attempts were made to t q values to different adsorption isotherms, Langmuir, Temkin, Freundlich and Frumkin isotherm but best tted results were obtained from Langmuir adsorption isotherm. The characteristic plot of Langmuir adsorption isotherm was made, which is C/q vs. C given by equation:
where, q is the degree of surface coverage, K is the adsorptive equilibrium constant of the adsorption process and C is the inhibitor concentration in mol L
À1
. The plots of C/q versus C for plain carbon steel corrosion in 1 M HCl at temperatures 30-60 C are shown in Fig. 4 . The obtained plots are linear with correlation coefficient 1 or higher than 0.999. The intercept permits the calculation of equilibrium constant K. The high values of K, which denotes interaction between inhibitor and steel surface, indicate that the inhibitor molecules are strongly adsorbed on the steel surface and in turn provide better inhibition efficiency to the inhibitor. Values of K also seem to increase with increasing temperature favoring chemical adsorption onto the plain carbon steel. The values of regression coefficient R 2 are given in Fig. 4 and K are summed up in Table 3 . 
Effect of temperature
In the present study the corrosion of plain carbon steel in 1 M HCl was investigated in the temperature range of 30-60 C in absence and presence of surfactant inhibitor. A graph is plotted for logarithm of corrosion rate (log CR) vs. reciprocal of absolute temperature (1/T), which is shown in Fig. 5 . By applying Arrhenius equation linear plot was obtained:
The values of E a obtained from the graph are given in Table  4 . A change in the value of E a in presence of additives may be due to the modication of the mechanism of the corrosion process in presence of adsorbed inhibitor molecules. In general, higher values of E a in presence of additives support physical adsorption mechanism whereas an unchanged or lower value of E a for inhibited systems compared to the blank is indicative of chemisorption mechanism. In the present investigation the values of E a in presence of inhibitor is lower compared to the blank and hence supports chemical adsorption mechanism. The enthalpy of adsorption, DH and entropy of adsorption, DS for corrosion of plain carbon steel in 1 M HCl in presence of inhibitor was obtained by equation:
The plot of log(CR/T) vs. 1/T for blank and the inhibitor is shown in Fig. 6 . The slope À DH 2:303RT and intercept log R Nh þ DS
2:303R
! of the linear plot, gives the values of DH and DS, respectively and are presented in Table 4 . From the given data it is observed that values of DH decreases in presence of inhibited solution compared to uninhibited solution. This conrms the process of chemisorptions. The shi of value of DS from positive to negative for uninhibited to inhibited medium indicates increase in the system order. Another plot of log q 1 À q versus 1/T for the inhibitor was made (Fig. 7) . From the slope ÀQ 2:303R ! of the plot, heat of adsorption, Q ads was obtained and the values are given in Table 4 . The calculated values of Q ads are positive predicting the adsorption of inhibitor on plain carbon steel to be endothermic. The free energy of adsorption, (DG ads ) at different temperatures was calculated from the following equation:
where, R is the universal gas constant, T the absolute temperature and the value of 55.5 is the concentration of water in mol L À1 in the solution. The values of DG ads (Table 4) are negative indicating spontaneous adsorption of inhibitor on the plain carbon steel surface. Furthermore, the negative values of DG ads also show the strong interaction of the inhibitor molecules on to the plain carbon steel surface. It is an established fact that values of DG ads around À20 kJ mol À1 or less indicates physisorption whereas the values of DG ads around À40 kJ mol À1 or more are considered as 
chemisorptions. 29, 30 In the present study the values of DG ads are in the range of À36.20 to À51.15 kJ mol À1 which are specically suggests chemisorptions adsorption of given compound over the plain carbon steel.
Potentiodynamic polarization measurements
The potentiodynamic polarization curves for the corrosion of plain carbon steel in 1 M HCl in absence and presence of different concentration of iminium surfactant at 30 C are presented in Fig. 8 . It is clearly evident from the curves that values of current density decreases with the presence of iminium compound indicating that the compound was adsorbed on the steel surface and caused corrosion inhibition. Potentiodynamic parameter as deduced from these curves, e.g., corrosion potential (E corr ), corrosion current density (i corr ), the anodic Tafel slope (b a ), the cathodic Tafel slope (b c ), polarization resistance, corrosion rate and % IE are shown in Table 5 . The value of i corr continuously decreases in presence of increasing inhibitor concentration. The maximum IE of 90.63% was observed at a concentration of 5 Â 10 À4 M of iminium compound indicating that a higher coverage of surfactant on steel surface is obtained in the solution with highest concentration of inhibitor. There is a change in the values of both b a and b c indicating that the corrosion of steel in presence of inhibitor is under both anodic and cathodic control. So inhibitor acts as mixed type. The magnitude of the shi in E corr in presence of iminium compound (less than 85 mV) suggests that it acts as a mixed inhibitor and affects both anodic and cathodic reaction. 31 In presence of iminium surfactant the values of E corr shis to more negative values indicating that compound should 
Electrochemical impedance spectroscopy (EIS) measurements
The mode of inhibition and the kinetics of electrochemical processes taking place at the plain carbon steel/HCl interface modied by the presence of iminium compound was further evaluated by EIS technique. Fig. 9 and 10 show Bode and Nyquist plots, respectively for plain carbon steel corrosion in 1 M HCl solution in absence and presence of various concentrations of the iminium surfactant at 30 C. The impedance diagrams obtained in absence and with varying concentrations of iminium compound are almost identical implying that addition of inhibitor does not cause any signicant change in the mechanism of the corrosion reaction but inhibits the corrosion by increasing the surface coverage by the adsorbed inhibitor lm. 33 Nyquist plots exhibit a single depressed capacitive semicircle for both absence and presence of inhibitor containing solutions. There is an increase in the diameter of capacitive loop in presence of inhibitor, the diameter of the capacitive loop increases with increasing inhibitor concentration. This suggest that inhibition of steel corrosion is achieved by controlling charge transfer process.
10,32 The depressed semicircles under real axis may be accounted to roughness and inhomogeneity of electrode surface. 33 A simple Randel's equivalent circuit, comprising a parallel connection between the charge transfer resistance (R ct ) and the double layer capacitance (C dl ) and these impedance elements connected in series with the electrolyte resistance R s , as depicted in Fig. 11 was used to model EIS results. The EIS parameters as derived from Nyquist plots are listed in Table 6 . It is evident from Table 6 that in presence of varying concentrations of iminium compound in the HCl solution the values of R ct increases and C dl decreases compared to the uninhibited HCl solution. A higher value of R ct in presence of inhibitor is indicative of a slower corroding system, which is due to the reduction in the active surface required for corrosion reaction. The increase in the values of R ct with increasing inhibitor concentrations is indicative of the considerable metal surface coverage without altering the mechanism of corrosion. The decrease in C dl in presence of inhibitor is attributed to the decrease in local dielectric constant and/or an increase in the thickness of the electrical double layer. This is suggestive of the fact that inhibitor molecules acted by adsorption at the metal/solution interface by replacing the water molecules with inhibitor molecules leading to the formation of a protective lm on the electrode surface.
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Bode plots (Fig. 10) , which showed the existence of one time constant (single maximum) at any concentration of inhibitor is combination of Bode impedance plot where impedance vs. frequency is plotted and Bode phase plot where phase angle vs. frequency is plotted. In impedance vs. frequency plots an increase in inhibitor concentrations resulted in an increase in the values of absolute impedance at low frequencies. This is suggestive of the increase in the protective properties of inhibitor with increasing concentration. The phase angle at high frequencies provides a general idea about the inhibitory action of the inhibitors. If the value of phase angle is more negative, than the electrochemical behavior will be more capacitive. In Bode phase angle vs. frequency plots an increase in the inhibitor concentration in acid solution results in more negative values of phase angle at high frequencies. This is indicative of superior inhibitive behavior of inhibitor at high concentration.
The IE from EIS data was evaluated by comparing the values of R ct in absence and presence of inhibitor. The IE value increases with increasing inhibitor concentrations. Furthermore, the values of inhibition efficiency obtained from weight loss measurements, solvent analysis of metal ion, potentiodynamic polarization measurements and EIS measurements are in good agreement. The Nyquist and Bode plots are not perfect semi-circle, may be due to presence of impurities which causes little deviations in the curves.
Quantum chemical calculations
Quantum chemical methods (ab initio and DFT) provide insight into the mechanism of inhibition action of corrosion compounds and therefore these methods are widely used in corrosion studies. [35] [36] [37] [38] [39] [40] [41] [42] In the present study, various molecular quantities like molecular energy, atomic charges, dipole moment, frontier molecular orbital energies, donor-acceptor stabilization energy, global and local reactivity descriptors are used to characterize the inhibition property of p-benzylidenebenzyldodecyl iminium chloride in vacuo. The calculations of these parameters require accurate ground state molecular structure which was obtained by geometry optimization technique and shown in Fig. 12 with numbering scheme. The optimized structure shows the linear chain of dodecyl fragment in the present molecule. Some important theoretical molecular quantities are depicted in Table 7 . The donor-acceptor stabilization energy values are presented in Table 8 .
The atomic charge (local electron density) in the molecule is a useful quantity that helps in explaining electrostatic interactions and molecular polarity. This also play important role in dening local reactivity descriptors like Fukui's indices. 42 The natural atomic charges were computed for the present inhibitor and the results are shown in Fig. 12 . Natural charges distributed over the atoms in molecule as well as comparison of the natural charges of atoms in neutral, cation and anion molecular geometry are presented in Fig. 1S and 2S (ESI †). As it is well known that more negative charge on the atom in molecule is more reactive toward the interaction with the metal surface.
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The highest negative charge corresponds to the preferable site of nucleophilic attack while highest positive charge as preferable site of electrophilic attack. All the hydrogen atoms in molecule are appeared with the positive charge. The natural charges on carbon atoms are predicted with negative values except C13 as this is connected to electronegative atom N15 through double bond. The strong negative charges are predicted for C20-C28, C58, C59 (in carbon chain) and Cl56 atoms. Therefore, these atoms of the carbon chain and Cl56 atoms possess the strong negative atomic charges indicating that the molecule under study can efficiently inhibit the corrosion of the metal surface through adsorption on its surface via their active sites (C and Cl). 44 The more negative charge of atoms in molecule indicates the more easily the unoccupied orbital of the atoms of metal surface will receive the electrons from the investigated molecule. The atoms N and O in heterocycle azole derivatives, phenazine and its derivatives are appeared as electron rich centers and therefore have the strongest ability of bonding to the metal surface. 45 Thus, the atomic charge in molecule is one of the key properties associated with corrosion inhibition. 46 The total negative charge (TNC) of the present molecule is predicted with large value À11.6 e which shows the presence of potential adsorption centers, Table 7 . This value is found large as compared with other inhibitors reported elsewhere. [47] [48] [49] [50] [51] The TNC value of present molecule is found less as compared to non-ionic surfactants of the TRITON-X series.
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In order to dene inhibition performance of the present compound the dipole moment, frontier molecular orbital energies, HOMO-LUMO gap and various chemical reactivity descriptors have been also computed (Table 7 ) and discussed. The HOMO and LUMO of the chemical compound are very Fig. 13 which explains charge transfer within molecule. The HOMO is delocalized over N, Cl atoms and aromatic rings while LUMO is spread totally over the one of aromatic ring and partially on another ring, N and few C atoms. Fig. 13 ethyl]-4-alkylbenzenesulfonamide, 52 antipyrine Schiff bases and non-ionic surfactants of the TRITON-X series. 56 The high dipole moment value denes the high polarity of the compound which assists electrostatic interaction between inhibitor and metal and also contributes to their better adsorption on metal surface. The equations used for the calculations of global reactivity descriptors like ionization potential, electron affinity, electronegativity, chemical potential, electrophilicity, chemical hardness and soness based on HOMO-LUMO energy Eigen values at DFT(B3LYP-D3)/6-311++G(d,p) method can be found in various literatures. 37, 38, [40] [41] [42] [43] [44] A hard molecule has large HOMO-LUMO gap and therefore less reactive while so molecules are more reactive because of low HOMO-LUMO gap. The global electrophilicity quantity denes the ability of the chemical species to accept electrons. In the present case the compound with high value of electrophilicity index (11.05) is the strong electrophile as comparative to some other inhibitors reported in literatures 50, 51, 56 and hence has the high inhibition efficiency. The inhibition efficiency has been also dened by the parameter DN which is the fraction of electron transferred from inhibiter molecule to the iron metal surface. The high value of DN (1.61) is found for the p-benzylidenebenzyldodecyl iminium chloride that shows its high inhibition efficiency. 41, 57 As per Lukovits's study, if the DN value is less than of 3.6, the inhibition efficiency increased with increasing electron donating ability of inhibitor at the metal surface.
The local reactivity indices like condensed Fukui's functions (f À and f + ) have been computed using natural atomic charges to study the electrophilic and nucleophilic regions in the investigated molecule. These descriptors dene the atom wise reactive sites in inhibitor likely to interact with metal surface in the form of electrophilic and nucleophilic reactions. The condensed Fukui functions for the inhibitor are depicted in Table 9 . The maximum value of f + index relates to reactivity pertaining to a nucleophilic attack whereas the maximum of f À index indicates the favored site for adsorption of electrophilic agents. In the present molecule, the atoms C13 and N15 have the large f À index while the atom Cl has the maximum f + index value. Therefore the atoms C13/N15 and Cl in inhibitor are the preferred sites for an electrophilic and nucleophilic attack respectively. The molecular electrostatic potential (MEP) has been used to dene the electrophilic and nucleophilic sites of the molecule which helps in understanding the corrosion process. The MEP plot for the p-benzylidenebenzyldodecyl iminium chloride is shown in Fig. 14 with colour range from deepest red to deepest blue. The electrostatic potential values are in the order of red < yellow < green < blue. The regions with deepest blue colour are the preferred sites to interact with electron rich site of other chemical species like metal while the deepest red part (e.g., Cl56) is the preferred sites that may interact with electron decient site of metal surface.
The donor-acceptor interaction energy, E (2) , between some important donor and acceptor orbitals, determined by second order perturbation theory, are tabulated in Table 8 . The delocalization of electrons takes place when the donor (lled) orbital interacts with acceptor (virtual) one. In Table 8 , rst 13 values of E (2) corresponding to the respective donor-acceptor explains the delocalization of electrons in two aromatic rings of the compound. The high value of stabilization energy, E (2) , between orbitals n(LPCl56)-s*C14-H16, measure the strength of electrostatic interaction between them.
Surface morphological studies
The SEM images (Fig. 15A-C) were obtained to establish the fact that corrosion inhibition of plain carbon steel in 1 M HCl is due to the formation of a protective lm by the adsorbed iminium surfactant molecules. The SEM photomicrographs of the polished plain carbon steel surface and steel surface exposed to 1 M HCl in absence and presence of iminium surfactant has been depicted in Fig. 15(A-C) . Fig. 15(A) shows the surface morphology of the sample before immersion in 1 M HCl solution. Except the marks of the scratches, which had arisen during polishing with emery papers the surface shows a characteristic freshly polished plain carbon steel surface which is free from any noticeable defects such as cracks and pits. Fig. 15(B) shows the SEM photomicrograph of The surface heterogeneity is considerably decreased in the presence of inhibitor; the surface clearly resembles with the surface of the plain carbon steel before immersion in acid solution.
The decrease in the surface heterogeneity would have been caused by the deposition of the surfactant molecules on the plain carbon steel surface which protected the steel surface from the attack of corrosive medium. The scratches formed during the polishing were adequately covered well by the surfactant molecules.
The EDAX spectrum ( Fig. 16(A-C) ) of the polished plain carbon steel surface and steel surface exposed to 1 M HCl in absence and presence of iminium surfactant were obtained and the results are shown in Fig. 16(A-C) . The EDAX spectrum was recorded in order to determine the content of iron and other elements on the steel surface in absence and presence of inhibitor. Fig. 16(A) represents the EDAX prole of polished plain carbon steel, which revealed that the surface was free from any corrosion product in the absence of immersion in acid solution. In case of plain carbon steel exposed to 1 M HCl the iron content on the surface was appreciably reduced in comparison to the polished plain carbon steel due to formation of corrosion products; presence of chlorine and oxygen was also revealed on the surface [ Fig. 16(B) ]. Fig. 16(C) shows EDAX prole of plain carbon steel specimen immersed for the same period of time in 1 M HCl containing 5 Â 10 À4 M of iminium surfactant. The spectrum showed higher concentration of iron presumably due to lowering in the extent of corrosion in presence of inhibitor but did not show the presence of chlorine. This indicates that iminium compound adequately protected the plain carbon steel from corrosive attack of HCl.
Conclusions
The results of gravimetric analysis, solution analysis of Fe ions, electrochemical measurements and quantum chemical calculation revealed that the studied surfactant acts as good inhibitor for plain carbon steel corrosion in 1 M HCl. Corrosion inhibition effect was found to increases with increasing inhibitor concentration and solution temperature. The adsorption of surfactant on plain carbon steel in HCl is spontaneous, essentially chemisorption and follows Langmuir adsorption isotherm. The value of activation energy, E a in presence of inhibitor is lower compared to the blank and hence supports chemical adsorption mechanism. Iminium surfactant is mixedtype inhibitor according to results obtained from potentiodynamic polarization measurements as it controls both cathodic and anodic processes. EIS results conrmed the formation of a protective layer on the plain carbon steel surface in presence of iminium surfactant. The SEM photomicrographs and results of EDAX studies further conrm the protection of plain carbon steel in 1 M HCl solution by the iminium surfactant. The data obtained from computational investigation were correlated with the experimentally obtained inhibition efficiency. Experimental results are in conformity with the theoretical results.
